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INTRODUCTION
At an advanced age, leg strength, balance and leg joint functions have a tendency to decrease. As a result, the ability to perform activities of daily living (ADL) is lowered and a decrease in this ability is also apparent [1, 2] . In addition, the decrease greatly affects the occurrence of falls [3, 4] and quality of life (QOL) [5] . Therefore, it is necessary for the elderly to prevent a decrease in physical functions in order to achieve and maintain an independent daily life.
Among all the leg joints, knee joints have the greatest load capacity and are important for efficient performance of ADL [6] . Recent observations revealed an increase in the number of elderly suffering from knee disorders [7] ; in addition, Tennant et al. [8] reported that 8% of the elderly have knee disorders. According to Ikushima et al. [9] , the main cause of decrease in the ability to perform ADL in the elderly is a decrease in leg strength and disorders in the knee joint. In general, leg strength does decrease with age [10] [11] [12] ; however, in case of the elderly with knee joint disorders, active mass decreases markedly due to the disorder which subsequently causes a rapid decrease in leg strength [13] . In addition, the decrease in leg strength at an advanced age causes a decrease in ability to perform ADL [14] [15] [16] . Hence, it is assumed that the elderly suffering from a knee disorder have inferior ability to perform ADL.
On the other hand, despite the absence of a severe knee disorder, many elderly experience subjective knee pain [7, 17, 18] . They can be considered as an auxiliary group of the elderly with knee disorders. Mc Alindon et al. [19] , Reilly et al. [20] , and Urwin et al. [21] reported that about 20% of the elderly suffered from knee pain. Sugiura and Demura [22] reported that knee extension strength and the ability to perform ADL were inferior in the group with knee pain when compared with the group without knee pain. Therefore, it is assumed that the elderly with knee pain have inferior ability to perform ADL as compared to the elderly suffering from a knee disorder.
The ADL consists of four domains: locomotion, manipulation, stability, and posture change [23, 24] ; the ability to perform these motions is important for the elderly to maintain an independent daily life. Manipulation motions mainly use the upper limbs, but the other three motions are significantly affected by movements of the knee joint. Hence, it is assumed that those who suffer from knee pain and/or disorders are less efficient in performing these three motions. In addition, it is assumed that subjects with a specific knee disorder are less efficient in performing the above three motions compared with the elderly who suffer from only knee pain. The latter group is considered to be the reserve group of those with a knee disorder.
It has been reported that the prevalence of knee pain and knee disorders is high in the female elderly [7, 25] . This study aimed to examine the differences in knee extension strength and ADL among the female elderly who were divided into the following three groups: those without knee pain or a knee disorder, those with knee pain, and those with a knee disorder.
METHOD

Subjects
The subjects consisted of 328 elderly female subjects (60 -94 years old; mean age 76.1 years; SD = 6.2) participating in health classes or social educational activities hosted by municipal governments. These women were classified into the following three groups: 168 females without knee pain or disorder (G1, knee no-pain and disorder group), 116 females with subjective knee pain (G2, one knee pain group, n = 75; G3, both knees pain group, n = 41), and 44 females with a knee disorder (G4, one knee disorder group, n = 21; G5, both knees disorder group, n = 23). Forty females in the knee pain group and 11 females in the knee disorder group had right knee pain. The knee pain and disorders were judged by the Japanese edition of knee function scale based on the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) [26] prepared by Hashimoto et al. [27] ; the cut-off point was set at 210 points [25] . The elderly with a knee disorder could perform limited activities and regularly visited a hospital for treatment of their knee disorders; however, they could independently perform ADL. In general, we observed that the elderly with a knee disorder could not perform ADL efficiently. If the ADL levels achieved by the subjects with knee disorders in this study were lower than those achieved by the general elderly population, the levels achieved by elderly subjects with knee disorders should be even lower. Table  1 lists the basic statistics of age, height, and body weight for each group. Before the study was conducted, the purpose and procedure of this study were explained to all of the subjects in detail and informed consent was obtained. The present experimental protocol was approved by the Ethics Committee on Human Experimentation of Faculty of Human Science, Kanazawa University (Ref.
No. 2012-12).
Leg Strength
To evaluate the leg strength, we selected the measurements of knee extension strength as it is severely affected by knee pain or knee disorder [22, 28, 29] . During the measurement of isometric knee extension strength, the subjects were seated upright in a rigid chair with knees flexed at a 90˚ angle. Their lower legs were strapped by a pad just above the ankle and attached with a backward rigid bar to a tension meter (T.K.K.1269f; Takei Scientific Instruments Co. Ltd., Japan). In addition, the subjects folded their arms across their chest. An examiner held the pad fixed in its place and asked the subjects to extend their knee as far as possible and to hold the position for 3 s. Leg strength was measured twice for each of the legs and a mean of two trials was used as a parameter for each leg. Furthermore, for knee no-pain and disorder group, both knees pain group, and both knees disorder group, a mean of the above values (for right and left legs) was used as a parameter.
ADL
The ADL survey developed by the Ministry of Education, Culture, Sports, Science and Technology of Japan was used to evaluate activities of daily living ( Table 2) . This survey was created to assess the physical function level at which the elderly would be able to safely participate in a physical fitness test. This survey method consists of four domains: locomotion (walking, running, jumping across a ditch, ascending and descending stairs, convey), posture change (sitting up, standing up from the floor), stability (standing on one foot with eyes open, standing in a bus or train, dressing while standing) and manipulation (buttoning a shirt, taking a Japanese mattress in and out of the closet), thereby assessing the degree of achievement of ADL based on these 12 activities, which are essential for an independent living [23, 24] . Each item had 3 different levels of difficulty. The subjects answered any one of three responses for each question. The total score in each domain and the total score with respect o these 12 activities were calculated. In addition, the t elderly with higher ADL scores were judged to have superior ability to perform ADL.
Statistical Analysis
Mean differences of knee extension strength and each ADL score were examined using the analysis of covariance (ANCOVA) with body weight as a covariate. A Scheffe's test was used as a linear comparison test if a significant difference was observed among the means. The laterality of knee extension strength in G2 and G4 was examined by paired t-test. A significance level in this study was set at p < 0.05. Table 1 lists the basic statistics of age, height and body weight in the knee no-pain and disorder (G1), one knee pain (G2), both knees pain (G3), one knee disorder (G4), and both knees disorder (G5) groups, and the test results when their mean values were compared. The results of the one-way analysis of variance (ANOVA) showed a significant difference with respect to body weight only. Subjects in knee disorder group (G4 + G5) were significantly heavier than the no knee pain or disorder group (G1). Additionally, the body weight between G2 and G3, as well as between G4 and G5 showed an insignificant difference. Table 3 shows the basic statistics and test results of knee extension strength in the above five groups. For G1, G3, and G5, we used a mean of right and left values; for G2, we used a value of the leg with pain; and, for G4, we used the value of the leg with disorder (see leg strength section in the method). Results of AN-COVA showed a significant difference. A linear comparison test revealed that the knee extension strength was significantly lower in the following order: the knee disorder group, the knee pain group, and the knee no-pain and disorder group. Additionally, the knee extension strength between G2 and G3, and between G4 and G5 showed an insignificant difference. Knee extension strength between the disordered leg and the normal leg in the one knee disorder group, and between the leg with pain and the normal leg in the one knee pain group revealed a significant difference; moreover, the disordered leg and the leg with pain results were inferior to the other leg results (Table 4). Table 5 shows basic statistics and test results of ADL total score and each domain score in the above five groups. The result of ANCOVA showed a significant difference between the means. A linear comparison test revealed that the ADL total score and each domain score of locomotion, posture change and stability motions were significantly lower in the following order: the knee disorder group, the knee pain group, and the knee no-pain and disorder group. The manipulation scores were significantly inferior in the group with a knee disorder when compared to the other two groups. Overall, ADL total scores and each domain score with respect to locomotion, posture change and stability motions were significantly lower in the following order: the one knee disorder and the both knees disorder groups; the one knee pain and the both knees pain group; and finally, the knee no-pain and disorder group. However, no significant differences were observed between G2 and G3, and between G4 and G5.
RESULTS
DISCUSSION
The knee disorder group was heavier than the knee no-pain and disorder group. The knee joints play an important role in supporting body weight [9] . While standing on one leg or walking, the load imposed on the weight-bearing knee joint is double that of normal [30] . Oliveria et al. [31] and Yoshimura et al. [32] reported that knee disorders often occur due to large burden on the knee joints, imposed by heavy body weight. It was speculated that the subjects with a knee disorder either decreased their physical active mass as they were limited by their knee disorders, or reduced the burden to the knee joints thereby causing their body weight to increase. In any of these cases, we inferred that the elderly with a knee disorder are heavier than the elderly without knee pain and/or a knee disorder; furthermore, the elderly with a knee disorder do not have a large portion of the body weight imposed on the knee joints.
In this study, knee extension strength was measured in the seated position. Therefore, while measuring the leg strength, it was considered that the burden of body weight did not significantly affect the knee joints. The knee extension strength results were observed lowering in the following order: the knee disorder group, the knee pain group, and the knee no-pain and disorder group. We inferred that the leg strength in elderly with knee disorder was inferior to the elderly with knee pain, and leg strength of the above groups was inferior to the elderly without knee pain or disorder. Moreover, with regard to leg strength measurements, the knee pain and knee disorder groups may not be able to exert sufficient leg strength to counter the body weight burden, similar to that during daily activities. Furthermore, with regard to leg strength, we observed the following results as well:
1) The disordered leg was inferior to the leg without disorder in the one knee disorder group.
2) The leg with pain was inferior to the no-pain leg in the one knee pain group.
The results of the one knee pain group were similar to Sugiura and Demura's results [22, 29] . Additionally, strength exertion of the leg with disorder may be limited in the one knee disorder group.
The present ADL survey consists of 4 domains of locomotion, manipulation, stability and posture change [ 23, 24] , which systematically evaluates the achievement degree of various activities of daily living of the elderly. The ADL score between the groups of one knee and both knees pain, as well as between the groups of one knee and both knees disorder revealed an insignificant difference. Although it was hypothesized that with regard to ADL, the both knees pain/disorder group was inferior to the one knee pain/disorder group, this hypothesis could not be confirmed. Sugiura and Demura [22, 29] reported that there was no significant difference in the ADL scores between the pain in one knee group to those with pain in both knees. Several movements of daily life such as standing up, walking and ascending and descending stairs require equal use of both the legs. Because the elderly in this study could walk independently, they could have achieved daily life activities despite the enduring pain. From these results, it was inferred that the elderly with pain or a disorder in one knee face difficulties in performing ADL and were able to achieve the same QOL as the elderly with pain or a disorder in both knees. Based on the above results, for the purpose of analysis in this study, both groups with one knee pain and both knees pain were pooled as the knee pain group and both groups with one knee disorder and both knees disorder were pooled as the knee disorder group, respectively. Consequently, the observed lowering of the total ADL score was in the following order: the group with a knee disorder; the group with knee pain; and eventually, the group without pain or a knee disorder. Furthermore, a strong relationship has been reported between knee extension strength and ADL [14] [15] [16] .
It is essential to exert leg strength in order to perform activities of daily living; however, if leg strength is inferior, especially at an older age, it may strongly affect the activities of daily living. In addition, the total ADL score along with knee extension strength revealed a significant difference between the elderly with knee pain and those with a knee disorder. As mentioned above, because our measurements were performed at a seated position (see subjects section in the method), the burden of body weight imposed a minimum of stress on the knee joint. Nevertheless, knee extension strength was decreased in the elderly with knee pain or a knee disorder. Because most daily life activities are performed in the standing position, the burden of body weight is imposed upon the knee joints; thus, it was inferred that ADL in the elderly with a specific knee disorder was inferior to elderly with knee pain, and ADL in the elderly with knee pain was inferior to the elderly without knee pain.
Each domain score of locomotion, posture change, and stability motions except for manipulation motions gave the same results as the ADL total score. Locomotion, posture change, and stability motions always involve the use of legs to some degree. From these results, it was inferred that if the subject has a problem involving the knee joints, the above motions are limited. On the contrary, with regard to motions of manipulation, it was clarified that the performance of the group with a knee disorder was inferior to the no-pain and disorder group as well as the knee pain group. Spector et al. [33] and Kim et al. [34] reported that there is little decrease in the dexterity and skill of hands or fingers with age. It is possible that the knee disorder not only causes limitation of physical active mass in locomotion, posture change and stability motions, but also a reduction in the degree of use of the upper limbs. Therefore, early care for knee disorders is essential.
In this study, subjects with or without knee pain and with or without disorders were evaluated on the basis of their subjective judgment because we targeted many elderly individuals. In addition, the elderly with knee pain or knee disorders were judged using Japanese edition of knee function scale (see the method section). Their diagnoses might have been different when the doctors assessed their radiographs. Thus, it might be necessary to also add the judgment based on the doctor's diagnosis in addition to evaluating the degree of achievement of basic life activities including manipulation motions.
CONCLUSION
In conclusion, with regard to knee extension strength and ADL scores of locomotion, posture change and stability motions, elderly females with knee pain or disorder are inferior to the elderly without knee pain or disorder of the knee. With regard to knee extension strength and the above three motions, the elderly with a knee disorder are inferior to the elderly with knee pain; moreover, they face difficulties in performing activities related to the knee joints. In addition, knee disorders may cause a decrease in the ability to execute movements using the upper limbs due to a decrease in physical active mass caused by the knee disorder.
